To meet the growing demand, we are totally dependent on foreign countries and large amount of foreign currencies are spent to import the diesel fuel. If biodiesel is used to some extent in place of diesel fuel, a vast amount of foreign currencies will be saved. Hence, we pointed our eyes on the production of biodiesel from non edible neem seed oil. Literature shows that the yield of oil from neem seed is about 15.4%-24.5% (Kaura et al., 1998) . Neem plant is available in many parts of the world including Bangladesh and is very cheap compared to other sources. The non-edible renewable neem seed oil can play a vital role as a substitute to diesel fuel. The climate and soil condition of Bangladesh is also suitable for the cultivation of this plant. If the developed process is scaled up to commercial levels, then excellent business opportunity will be offered by the biodiesel and this could be a major step towards the creation of an eco friendly transportation fuel. By increasing neem tree plantation in Bangladesh, we can meet our demand. Finally, the by-product (glycerin) of trans esterification can also be used in the soap industry. The present investigation includes: preparation of biodiesel from neem seed oil, optimization of different parameters for maximum biodiesel production, determination of properties of neem seed oil and prepared biodiesel, comparison of the fuel properties of conventional diesel with prepared biodiesel and performance study of the biodiesel in diesel engine.
Materials and methods

Oil extraction from Neem seeds
To prepare the seeds for oil extraction, seeds were heated in full sunlight on a black plastic sheet for several hours. The seeds were heated, but not burnt. This process breaks down the cells that contain the oil, allowing the oil to flow out more easily. The heat also liquefies the oil, which improves the extraction process. Oil is then extracted by mechanical extraction method. Conversion of oil from seed is 21.20%. After extraction, fuel properties of crude neem seed oil were determined.
Production of biodiesel
The acid value of the reaction mixture was determined by a standard acid base titration method using a standard solution of 1.0 M KOH solution. Prior to transesterification, acid esterification of the oil was required to reduce the free fatty acid (14.32%). The methanol and catalyst (conc. H 2 SO 4 ) mixture was then charged into a two-necked closed reaction vessel and the raw oil was added. The reaction time and temperature was 1 hr and 60 ͦ C respectively. The optimum condition for reducing the free fatty acid of neem oil below 2% (1.6%) was obtained by 0.58:1 methanol to oil ratio, 0.75% v/v sulphuric acid to oil volume. After acid esterification, trans esterification was done with NaOH catalyst in a two -neck round bottom flask equipped with condenser and magnetic stirrer. The reaction time was varied from 1 hr to 2 hrs and temperature was around 60 ̊ C. After completion of trans esterification, methyl ester was separated from mixture of methyl ester and glycerin. The mixture was taken in a separating funnel and left for 16 hours. The mixture was separated in two layers, biodiesel as the top layer and glycerin as bottom layer. Glycerin layer was withdrawn and required product was obtained. Washing of biodiesel was necessary to remove the soluble components. Hot water was sprayed on top of biodiesel. Then it was allowed to settle down. The product was dried using a vacuum evaporator at 80 0 C and pressure was 180 atm. After drying the pure product became clear.
Characterization of crude neem oil and produced biodiesel
All the parameters for fuel properties were estimated by standard methods such as density at 15 
Results and discussion
Physicochemical properties of neem seed oil
After extraction of oil from neem seeds, the physicochemical properties of the oil were determined according to the standard procedure. Table I . shows the properties of the neem seed oil.
FTIR analysis of crude neem oil
To determine the functional group of extracted neem seed oil, FTIR spectroscopic analysis was employed (Fig. 1.) . Appropriate quantities of KBr and neem seed oil (in the ratio of 100:0.1) were mixed by grinding in an agate mortar and pellets were made with about 100 mg mixture. FTIR spectra were recorded with FTIR 8400S Shimadzu spectrophotometer in the range of 4000-400 cm -1 . Resolution was kept at 2 cm -1 and the no. of scans were 30. The major peaks are in the region of 1743.65 cm -1 and 2924.09 cm -1 . FTIR spectroscopic analysis shows that the main functional groups of neem oil are carboxylic acid (C=O) appears as main Production of biodiesel from neem seed oil 53(3) 2018peak in 1743.65 cm -1 region and alkanes (C-H) that appears in 1462.04-2924.09 cm -1 (Table II) 
Process variables in trans esterification
Effect of temperature on yield of biodiesel
For the optimization of temperature, the percentage of catalyst and methanol was considered constant and the temperature was varied as shown in Fig. 2 . The graph shows that as the temperature increases, production of biodiesel increases. Maximum (98%) production of biodiesel occurs at 
Effect of variation of methanol on the yield of biodiesel
The effect of change of molar ratio of methanol to oil was optimized. The amount of the catalyst NaOH was kept constant at 1 % of the oil. The temperature was fixed at 60 0 C.
Under this condition the percentage of methanol was varied to get maximum yield of bio-diesel (shown in Fig. 3 ). As the percentage of methanol increases, production of biodiesel increases. Maximum (98%) production of biodiesel occurs for (20%) of methanol. Further increase in percentage of methanol causes reduction of biodiesel production.
Effect of variation of catalyst on yield of biodiesel
To optimize the amount of NaOH, the percentage of methanol was maintained constant at 20 % on the wt % of oil taken. The temperature was also kept constant. In this condition, the reaction were carried out with NaOH catalyst at concentrations 0.20, 0.40, 0.60, 0.80, 1.00, 1.20 and 1.40% in order to determine optimum condition for the biodiesel production from the oil. The maximum yield of biodiesel was found to be at 1.00 % NaOH concentration as shown in Fig. 4 .
Effect of reaction time on yield of biodiesel
All variables except reaction time were kept constant in their optimum value. The tran sesterification reaction was continued for different period of time such as 30, 60, 90 and 120 min respectively to yield the product. The result of this optimization is shown in (Fig. 5) . It is found that with the increase of duration of reaction, the yield of biodiesel was enhanced. Maximum yield (about 98 %) was obtained in 90 mins.
Analysis of peak obtained in FTIR spectra of biodiesel
To determine the functional group of neem seed oil biodiesel, FTIR spectroscopic analysis was performed following the procedure identical to that for the oil. FTIR spectrum shown in Fig. 6 reveals that the major peaks are in the region of 1460.11 cm -1 and 2926.01 cm -1 and the main functional groups of neem biodiesel are carboxylic acid (C=O) showing bands as the main peak in 1743.65 cm -1 region and alkanes (C-H) in the region of 1460.11-2854.65 and 2926.01 cm -1 (Table III) 
Optimum condition of biodiesel production from neem oil
The optimum conditions for biodiesel production from neem seed oil can be summarized as follows: The overall trans esterification reaction requires about 20% of methanol on the basis oil taken; catalyst (NaOH) with a concentration is 1.0% of the oil and a reaction time of 90 mins. at a temperature of 60 ̊ C with moderate stirring rate. The optimum yield is 98 %.
Characteristics of neem biodiesel
The biodiesel obtained was then characterized by the standard methods. Table IV describes the fuel characteristics of biodiesel from neem seed oil and also gives a comparison of obtained biodiesel with conventional diesel fuel.
Engine performance study
Produced biodiesel (Neem Methyl Ester: NME) was blended with diesel in different proportions and engine performance study was done. Engine specification was such as Engine type: 4-stroke CI engine, number of cylinder: one and compression ratio: 16.5. Fig. 7 illustrates the variation of brake thermal efficiency with engine speed at load 55.6 N with diesel. From Fig.7 it is apparent that the brake thermal efficiency of engine increases with increase in engine speed. After reaching the maximum value, the efficiency of the engine also decreases. This is due to the fact that, initially with the increase of engine speed the torque produced by the engine increases, hence the efficiency also increases. But at higher rpm (>900) more amount of fuel is injected into the engine cylinder per cycle and due to higher engine speed these fuel doesn't get sufficient time to burn completely which reduce the efficiency of the engine. Hence the optimum speed was 900 rpm. 
Speed optimization
Fig. 6. FTIR analysis of biodiesel
Load optimization
The engine was run at the fixed rpm (900) and brake power was varied from 0.44 KW to 1.05 KW. Fig.8 . illustrates variation of brake thermal efficiency of engine with respect to brake power. The efficiency of the engine increases with the increase in brake power. The maximum brake thermal efficiency of diesel fuel is 20.38% at brake power 0.79 KW.
Higher brake thermal efficiency is due to better mixing of fuel with air which results in better combustion. At higher brake power (> 0.79 KW) more amount of fuel is injected into the engine cylinder which is not completely burnt. It causes higher BSFC and low brake thermal efficiency. Hence optimum engine load (brake power) was 0.79 KW.
Brake thermal efficiency
The variation of brake thermal efficiency with engine load using all types of fuels/blends shown in Fig. 9 . Brake power was varied from 0.44 KW to 1.05 KW. Here DF= Diesel Fuel and NME= Neem Methyl Ester. The brake thermal efficiency was calculated by the ratio of brake power to input power. The brake thermal efficiency increases with the engine load (brake power) for all fuels/ blends. The maximum value of brake thermal efficiencies with DF, NME5, NME10, NME15 and NME20 were found to be 20.38 %, 16.67, 16.28 %, 16.10 % and15.06 % respectively at brake power 0.79 KW Brake specific fuel consumption (BSFC) 10 . Variation of brake specific fuel consumption with brake power of different NME blends DF, NME5, NME10, NME15 and NME20 were found to be 0.47, 0.49, 0.50, 0.52, 0.54 KW-hr respectively at brake power 0.79 KW. Among the NME blends, NME5 shows the lowest BSFC.
Conclusions
Biodiesel can be extracted from neem seed oil. The optimum condition has been 20 % methanol and 1.0% NaOH catalyst with reaction temperature and time is 60 ̊ C and 90 min respectively. The physicochemical properties of the neem biodiesel are similar to standard biodiesel. Neem biodiesel blends have been tested in a single cylinder, 4-stroke diesel engine. Brake thermal efficiency and BSFC of NME are comparable to DF. The higher brake thermal efficiency is 20.38% for 5 % blend of neem methyl ester. The results reveal the possibility of neem seed oil as a potential source of biodiesel. As Bangladesh does not have petroleum resources, renewable fuel of this kind may be very helpful to solve our present fuel oil crisis.
